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(54) UNSATURATED POLYESTERS, THEIR 
PRODUCTION AND USE 

(71) We, SCOTT BADER COMPANY LIMITED, of Wollaston, WeDing- 
borough, Northamptonshire, a British Company do hereby declare the invention, for 
vi^ch we pray that a patent may be granted to us, and the method by which it is to be 
performed, to be particularly described in and by the following statement: — 
5 This invention rdates to novel unsaturated polyesters, a^ to their production 5 

and use. 

Unsaturated polyesters resins have been known for many years and they are con- 
ventionally prepared by the condensation, at ten^l^Iatures around 200° C, of one or 
more imsaturated dicaiboxylic adds or anhydrides, optionally with one or more satur- 
10 ated dicarboxylic acids or anhydrides, with one or more glycols. For specific purposes 10 
one or more monocarboxylic acids, polycarboxylic acids, monohydric alcohols or poly- 
hydric alcohols can be included in minor amounts. The condensation reaction is com- 
monly continued until an acid value in the rang^ 5 — ^50 mg KOH/g is reached, after 
which the product is cooled and blended with a monomer containing one or more vinyl 
15 groups (>'C=CH2). At this stage an inhibitor is added to prevail premature gelation. 15 

These liquid mixtures can be cured or converted to the solid form by tl^ action 
of free radical catalysts and heat or by the action of free radical catalysts and promoters 
(the so-called accelerators) at room temperatures or below. 

A description of tiie properties and uses of some commercially available polyester 
20 resins can be found in our Tolj^ter Handbook* (1969 Edition). 

The properties of the polyester resins in the cured state can be varied widely by 
die dioice of raw materials used. 

For example it is generally admowledged that resins containing glycols yfbich 
are based on Bisphenol A and ^cfa are of tiie formula 



25 RCH(oH)CH2O'(^—C--(^0CHzC^{'OH)R^ 0) 25 

where R is a hydrogen atom or a metliyl group, show good chemical resistance. 

However, such polyesters are brittle and have low elongations at break (about 
1.5%) which limits their usefulness in laminated structures. Attempts have been made 
to reduce the brittieness, but the chemical resistance is reduced and the heat deflection 
^ temperatures of the cast resins arc lowered. According to the present invention we pro- ^ 
vide an tinsaturated polyester which comprises the residues of 
(a) a glycol of the formula 





and (b) a glycol of die formula 
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vdierc R represents a hydrogen atom or a meUiyl group, and m ana n are nunibers and 
each has an average value of at least 1.5, preferably 2 or more: and (c) at least one 
ethylenically unsaturated dicarbosylic add. _ . , , A^t^^^ 

5 We also provide a resin composition comprising an unsaturated polyester as delinca 

in the preceding paragraph and a copolymerisablc monomcric ethylenically unsaturated 
compoumd. We have discovered that sudi a comjwsition, on curing, possesses good 
chemical resistance together with improved elongation properties. 

The unsaturated polyester of the invention thus comprises the esterificauon pro- 

10 duct of an acid component including an unsaturated organic dicarboxylic aad and of 
a hydroxy component comprising a mixnite of dihydric alcohoh including as essenual 
components a compound of fonnula (II) and a compound of formula (III). 

Mixtures of two or more glycols of formula (II) an be used. A paniaJarlypro- 
ferred material is that sold under die trade name TCD-Alcohol DAI bv Farbwerke 

15 Hoechst AG (vormals Meister Lucius & Bruning), \rfudi is a mixture of alcohols, con- 
sisting of isomeric tticjcUc, primary C„ diols, prepared by oxo^>TidKs:s from punhcd 
dlcvdopentadiene (according to the manufacturers' pubhshed hterature). 

Thepreferred glycols of formula (III) are those in which m and n are at least I 
and not more dian about 6. Particularly preferred glycols of formula f III) are those 

20 obtained by reacting 4 moles of etfiylene oxide or of propylene oxide widi 1 mole of ^ 

Bispl^ol A. ^^^^ ^iij fiijQ are essemial ingredients of dip pollster; 
however other dihydroxy compounds may be incorporated into the r-.iaion mixture 
h, mmor proportions, for example ediylene glycol diediy^ene flv^U U'Propykne 
25 glycol, 13-bu^lene glycol, 1,4-butane diol and l,64iexane d.ol Sudi dJjydrosy com- 
fmds nSr ^priseTfor example, up to 5 molar percent of the total hydroxy (»m- 
ponent If desired minor proportions of a monohjidnc alcohol may also be added, sudi 

^ ^Sially preferred polyesters are prepared using a mixture of a glycol (or glycols) 

30 of fonmda (II) witii a glycol of formula (III), preferably m a molar ratio bet^reen 1:2 w 
and 2:1 and espedally 1:1. . . .j j » • m 

The oreferred ediylem"caUy unsaturated adds are maleic acid and fumarsc aad. 
In addition to the etfijlenicany unsaturated acids, the reaction mkiure for preparing 
. die polyesters, of the invention may also incorporate (in proportions of, for example, 

35 UP to 10 molar percent of die add component of said polvester) saturated nnd/or 
^miatic adds, sudi as phtiialic add, isophdiahc add, terephdialic acid, letrahydro- 
ShaUc add. sebadc add, and adipic add The fj* 

and are often pieferred in place of diosc acids which form ''nbvdndp' 
mal^ranhydiide, itaconic anh.-dride and phdialic anhydndc. The term "dicarboxylic 

40 S as used h^ indudes such anhydrides. Minor proportions (for example, up to 40 
5 molar percent of said add component) of higher polycarboxyhc acids, such as 1,2,3- 
benzcnet&joxylic add or trimcllitic anh>-dride, or of monocarboxylic acids, such 
as stearic add, may also be incorporated In the polyester. ... - 

The poly«ters of the invention may be prepared by con^-entional techniques, for 

45 example ^ polyesterification of the add or adds widi die mixture of dihydrox>I » 
%I aiy otiier ingredients) at a temperature of 190Mo 200 C, P-J^ e^Wy in 
an inert atmosphere, die reaction bdng canied on until an acid value I«s than 25 mg 
KOH/g is obSincd. In a prefened p«)cess a slow stream of oxrecn-free mtrogcn is 
bubbled tiin)ugh the reaction mixture. The nsilting polj-ester am then be blended 

50 widi the ediyloiically unsaturated copolymerisablc monomer to fonn the rcsm com- 50 
position of the invention. As monomers suitable for incorporation into die resm com- 
positions of die invention we may mention st>Tene, chlorostyrene, vmyl toluene, dialljl 
ohthalate and methj'l methacrylate. . u „t 

The ratio of the number of moles of the hydraxy component to the number of 

55 moles of the add component is diosen so as to permit die desired molecular ^^•CIght and 
^d nlber to be adiieved. Thus when the polyester is made fmm n:actan,s coi^ung 
of a dicarboxyUc add or adds and a mixmre of glycols, die acid/glycol ratio is pre- 
ferably chosen to be about 1: 1 widi the gl}xol in sU^t excess. 
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A preferred polyester is made by xeacdng with 2 moles of fumaric add, 1.01 
mole TCD-Alcohol DM and 1.01 mole of the reaction product of 1 mole Bisphenol A 
and 4 moles of prop3^ene oxide. 

The polyesters of ^e inventioa may be bloided with mher conventional polyesters 
5 and with a monomer to form resin compositions for a particular purpose. 5 

The resin composition of die invention may include (me or more conventional 
inhibitors, such as hydroquinonc, 4-t-butyl catechol, benzoquinone or copper salts pre- 
ferably in the range of 0.001% to 0.1% by wci^t based upon the polyester component 
of die mixture. 

10 When the resin composition is to be used to prepare a casting or a laminate or 10 

other product, a polymerisation catalyst is usually used, for example a free radical 
catalyst such as benzojd peroxide, t-butyl perbenzoate, cumene hydroperoxide or azo- 
bis (isobutyronitrile). Sudi catalysts are generally employed in amounts of 0.1 to 5% 
by weight based on the wei^t of the mixture of monomer and polyester, depending 

15 QQ the proportions of inhibitor and accelerator present in the mixture. 15 
An accelerator may also be added to the resin composition to permit curing to 
commence without the application of external heat. Such accelerators include cobalt 
salts such as cobalt octoate or cobalt naphthenate in combination with methyl ethyl 
ketone peroxide and tertiary amines such as N,N-^edi3^ amline in combination with 

20 benzoyl peroxide. 20 
The resin composition may also incorporate conventional reinforcing fibres, such 
as glass fibres, fillers, such as caldum carbonate, and/or pigments. 

In the following Examples, Example 1 is a comparative example illustrating that 
a resin based on glycols of formula (II) and without a glycol of formula (III) is brittle 

25 whereas Example 2 illustrates a resin in accordance with the invention and having a 25 
elongation at break above 2%, a heat deflection temperature above lOO^'C and good 
chemical resistance. 

EXAMPLE 1 

1.01 mole of TCD-Alcdiol DM (trade name— Farbwerise Hoechst) and 1 mole 
30 fumaric add were reacted at 195*C with stirring under a blanket of nitrogen until an 30 
add value of 20 mg KOH/g was obtained. The resin was cooled to 140*'C, 80 ppm 
hydroquinone added as inhibitor and blended with styrene monomer. 
This resin had the followmg properties: 

Viscosity at 25**C =4.0 stokes 

35 VolatQe Ccmtent =39% 35 

Add Value =12.4 mg KOH/g 

Gelation Time at 25'*C 
using 2% B^usoyl Per- 
oxide paste 0.2.% Di- 

40 etfaylaniline =28.5 mins. 40 

Cast sheets were made cured with 2% mediyl ethyl ketone peroxide and 1% cotelt 
octoate. These were post-cured for 24 hours at room temperature and 3 hours at 80**C 
when the followmg properties were obtmned. 

Heat Deflection Temperature WC 

45 Hexural Strength 7,100 lbf/in= 45 

Tensfle Strengdi 2,400 M/'m^ 

Elongation at Break 0.7% 

Tensile Modulus 0.39 X 10^ Ibf /in^ 

After one year's immersion in boiling water and in 5% caustic soda at 80** C, no 
50 deterioration was apparent although the resin was very brittle. 50 

EXAMPLE 2 

1.01 mole TCD-Alcohol DM, 1.01 mole of the adduct made from 1 mole of 
Bisphenol A and 4 moles of propylene oxide and 2 moles fumaric add were reacted 
at 195''C with stirring under a blanket of nitrogen imtil an add value of 22 mg KOH/g 
55 was obtained. The resin was cooled to 140°C, 80 ppm of hydroquinone added as 55 
mhibitor and blended with styrene monomer. 

The resm had the following properties: — 
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Viscosity at 25 

Volatile Ccntcnt 

Acid Value 

Gelation Time at 25 ' C 
using 2 Methyl Bxhyl 
Ketone Peroxide and 
0.5"-.; Cobalt Octoate 
(12% Co) 



=3.3 stokes 
=11.75 mgKOH/g 



=39 mins. 



When cast into sheets using 2V, methyl ethyl ketone peroxide and 0.5^0 cobalt 
octoate as die curing sj^em and post-^red for 24 hours at room temperature and 3 
hours at 80*C the following properties were measured 



Heat Deflection Temperature 
Tensile Strengdi 
Blongaiion at Break 
Tensile xModulus 



114^C 
7,800 lbf/in= 

o!485Xl01hf/iii= 



Af««r 6 months' uiiraersion in bciliag v.-aicr no detcnorauon Tras apparent. 
As a comparison a similar resin was made from 2 moles oV"™f"% w^i,™^ 
mole TCD-Alc^ol DM and 1.01 mole of the adduct made from 1 mole of Bisphenol 

"^Sn'.;S,^S''^is'S^ 6 mon-hs' immenion in boiling water, it had 
become very britde- 

h^y^iSi^P^y^^ ^vhich comprises the n»idues of (a) a glycol of the 
fonuula 
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and (b) a glycol of the formula 
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where R represents a hydrogen atom or a methyl group, and m and n are numbers 
and each has an average value of at least 1.5; and (c) at least one cdiylcnically unsatur- 
ated dicarboxylic add. 

2. A polyester according to Qaim 1, in whidi m and n each have an average value 
of 2 or more. 

3. A polyester according to Qaim 2, in idiicfa m and n each have an average 

value of 2 to 6. - . . i. i i r 

4. A polyester according to any one of claims 1 to 3, m which said glycol or 
formica (III) comprises the reaction product of 4 moles of ethylene oxide or propylene 
oxide with 1 mole of Bisphenol A. 

5. A polyester according to any one of Qaims 1 to 4, in which a mixture of glycols 
of foimula (II) is used. ^. . ^ i 

6 A polyester according to any one of Claims 1 to 5, in whicli the molar ratio 
of die glycol or glycols of formula (11) to the glycol or glycols of formula (III) Is 
between 1:2 and 2:1. .... < ^ 

7. A polyester according to Claim 6, m wluch said molar rauo is about 1 : !• 



30 



35 



40 



U21,488 



8. A polyester according to any one of Claims 1 to 7, in which said unsaturated 
carboxylic acid comprises maleic add and/or anhydride and/or fumaric add. 

9. A polyester according to any one of claims 1 to 8, comprising the residues of 
1.01 moles of a mixture of alcohols of formula (II), 1.01 moles of the reaction pro- 
dua of 1 mole of Bisphenol A with 4 moles <rf propylene oxide and 2 moles of fumaric 
add. 

10. A polyester according to CHaim 1 substandally as herein described and exempli- 
fied. 

11. A resin composition comprising an unsaturated polyester according to any one 
of Claim 1 to 10 and a copolymerisable monomeric etfaylenically imsaturated com- 
pound. 

12. A resin composition according to Claim 11, in which said copolymerisable 
compound comprises sQrcene^ chloros^xene, vin^ toluene, diallyl phtfaalate or meth^ 
methacrylate. 

13. A resin con^osition according to Qaim 11 substantially as heiem described 
and exemplified. 

MEWBURN ELLIS & CO., 
Charteted Patent Agents, 
70 — ^72 Chancery Lane, 
London W,C2, 
Agents for the Applicants. 
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